Background. The application of capture-recapture methods In epidemiology has been proposed as an alternative to field surveys. This methodology is important for the future of epidemiology and deserves a critical analysis. Methods. This paper reviews conditions for applying the capture-recapture models to epidemlologlcal data, taking into account practical considerations, in particular the problem of case definition. Results. The underlying assumptions are particularly restrictive resulting In a theoretical limitation of their applicability. In spite of the statistical developments designed to overcome these difficulties, the practical conditions for using the existing lists are often not fulfilled (availability, confidentiality). The major restriction is on the quality of the data which are often far below the standards required in specific prevalence surveys and which may differ between lists. This may result in a dramatic lack of specificity. The definition of the virtual subgroup of patients missing in all lists, as generated by the statistical procedure, is questionable particularly when counting living patients. Field studies would be necessary for validation. Conclusions. In some particular situations (e.g. deceased patients, rare diseases), this methodology may provide a useful approximation to the number of III subjects or specific events, but users should be aware of their poor specificity. It can also be useful to complement data from surveillance systems by careful cross-checking with independent sources of information. Currently, this method cannot in any way, replace direct population prevalence or incidence surveys.
As government institutions become more and more concerned with health problems, the need for reliable prevalence and/or incidence data is increasing. However, to estimate accurately the number of individuals having a given disease is not easy. The number of subjects already diagnosed is useful to measure the impact on health services. The epidemiologist also tries to detect new cases, so far undiagnosed. In both situations, the classical epidemiological approach using random population samples is often extremely expensive and is not feasible in many countries. Therefore, alternative methods to estimate the number of subjects with a defined health problem, corrected for deficiencies in ascertainment, have been proposed. The capture-recapture models are based on the availability of administrative lists (e.g. medical records, hospital discharges, social security, health insurance companies, pharmacist files, death certificates). In some cases, such lists constitute the basic tools for registries. They have also been used to improve the completeness of surveillance systems based on voluntary reports, for example to estimate the incidence rate of rubella in the US. 1 Recently, several investigators suggested that these methods can supplant field surveys and registries for the assessment of the prevalence (or the incidence) of a disease. Some authors propose the capture-recapture method as a more cost-effective and accurate approach compared to other methods. 2 " 5 The implications of uncritical enthusiasm for capture-recapture methods are so important for the future of epidemiology that a sober analysis is necessary. This paper reviews conditions for applying the capturerecapture models to epidemiological data, taking into account practical considerations, in particular the problem of case definition.
UNDERLYING ASSUMPTIONS OF THE CAPTURE-RECAPTURE METHOD An extensive literature has been published on capturerecapture models and their developments. 5 " 9 However, to our knowledge, the validity of these models has never been tested against exhaustive field data.
If there are two available lists of patients, A and B, the model is applied to the merging of the lists. Let n, be the number of patients in list A and n 2 the number in list B; of these, n |2 are present in A and in B. A number of patients are supposed to be missed in both lists. An estimate of the total number N including missing cases was derived by Chapman in 1951: 6 similar to the obvious formula: n, nj/n,-,, after correction for continuity. An approximately unbiased estimate of its variance was derived by Seber: 10 varN = [(n, + 1) (n 2 + 1) (n, -n 12 ) (n 2 -n 12 )]/ (n 12+ l) 2 (n 12 +2)
The difference
is an estimate of the number of cases which were missed in the two sources. The underlying assumptions of the statistical method are:
1. the sources A and B are independent This means that the probability an individual belongs to list A is identical for those who are in list B and those who are not; 2. the probability of identification within any source (catchability) is equal for all individuals. The probability may vary from one list to another, or be constant overall, or a number of lists; 3. the probability an individual is in list A (or B) is constant over time for the duration of the study (the population is closed: no births or deaths, no migrants); If there are more than two lists of patients, different solutions appear in the literature. 8 ' 9 The theoretical conditions for application of the capture-recapture model are very restrictive and, when applied to medical conditions, are not usually met in practice. Several models have been developed to overcome these difficulties. They constitute the statistical solutions to the problem, some of them rather sophisticated, which should be considered with caution by potential users.
The major practical problem is the frequent violation of the assumption of independence of the sources (condition 1), because being on one list is often associated with being on another. For example, the patients on a list for prescriptions may be positively related to the patients on the list from physicians' practices (this is not surprising when the physician is the prescriber). The patients recorded by general practitioners may be less frequently found in the records of specialized clinics (if many patients are followed by one doctor only).
When the lists are not independent, the number of missing cases can be estimated by a log-linear model including interaction terms. 8 The most parsimonious log-linear model (the model with the least parameters which provide a reasonable fit) is used to estimate the number m of missing subjects. Several models can be selected, which provide different estimates of N. A more practical solution proposed by Wittes el al. 9 is to merge the lists which are significantly associated (the relation is tested by a x 2 test), so that independency will be nearly fulfilled for the final set of lists. However, the authors stated that important biases in the estimation of N occur if the capture probabilities are low; in addition, because of the uncertain nature of dependence between sources, no meaningful confidence intervals can be computed.
Another important problem is the heterogeneity of the 'capture' probability (condition 2 assumes the probability an individual is on any of the lists is equal for all individuals). This may be violated when the probability is dependent on a covariate, such as age, sex, severity of disease. Pollock et al. u recommend in this case to stratify on the co-factors and to estimate the population size in these strata. This presupposes a sufficient number of cases in the different lists and that the relevant strata are known. A major assumption is that the distributions of the covariates are identical in the undetected and the detected cases. Various log-linear models dealing with these problems were presented and criticized in a complete review in 1989.
l2 These models are easier to handle in a population having an equal probability of identification in the different lists.
More recently, Hook and Regal 13 have published a strategy to calculate the effects of variable catchability among different sources, due to covariables, such as sex or age, which can be estimated by stratifying the population by probability of capture.
The probability a given individual is on a list is modified when condition 3 fails, that is when the composition of the population is not constant. Models that allow changes in the population, though useful in ecology, are in less frequent use in epidemiology. They are extensively described in the monograph by Pollock etal n According to the authors themselves, none of the capture-recapture methods can assess the exact number of individuals in the target population because the underlying hypotheses cannot be verified and are rarely fulfilled. The statisticians who developed the theoretical estimators, and even the most aggressive defenders, do not deny their limitations. 3i8>9 APPLICATION TO EPIDEMIOLOGICAL RESEARCH Users of the capture-recapture method, instead of searching for missing cases, estimate that number. While the latter solution is obviously rapid and inexpensive, potential users should be aware of the imprecision and of the possible bias affecting capture-recapture estimates. Calculating a standard deviation for the estimate when the underlying assumptions are not fulfilled does not solve the problem. Different types of epidemiological issues should be considered.
Just Counting Cases
It is sometimes useful, for health policy, to know the number of people with a particular characteristic, or the numbers of events that occur in a given region, e.g. teenagers who are involved in traffic accidents, or the frequency of a specific liveborn malformation. This situation is marginal to classical epidemiology, but relies on the same technical methods for data collection. It is likely that a number of cases are missed in the databases set up to record them. In this situation, the merging of available lists and application of the capture-recapture method represents a cheap and practical solution to obtain rapidly a first estimate (then rates can be calculated if a relevant denominator is available).
Prevalence Surveys
A direct survey of random population samples is the classical way to assess the prevalence of a disease. However, it is sometimes impossible to count directly the patients who have or have had the disease, for example when there are few such patients in the population, or when they die rapidly after diagnosis (e.g. spina bifida). The only method then is to collate all existing sources, in a so-called 'library' research. The capture-recapture method then represents a method of estimating the number of cases which cannot be estimated otherwise, as proposed by different authors. 213 -9 If the difference between the estimated size of the target population and the portion identified by the lists is small, the study is theoretically validated. A large difference casts doubt on the validity of the study. 6 In other situations, the use of the capture-recapture method has been recommended to complement prevalence surveys on random population samples, 3 but the methodological procedures remain to be defined.
Incidence Studies
The gold standard for assessing the incidence rate of a disease is the follow-up of a representative population sample. For diseases cared for in specialized centres, such as cancer or myocardial infarction, the other approach relies on exhaustive, disease-specific registries.
Registries aim to collect and record in a systematic way, information about all new cases of the disease under study and often rely on a regular collection of data from specialists, in hospitals or elsewhere. In this situation, the use of additional sources, such as drug user files or health insurance company files can contribute to completeness.
LaPorte el al. 5 regard the efforts necessary to achieve the exhaustivity of a registry as time-consuming and costly. Their proposal, applied to diabetes epidemiology, is simply to replace the estimate of N by that obtained from Chapman's formula, using the available routine data sources. 6 Whatever the epidemiological issue, approaches based on available sources only are questionable for a number of reasons: -In zoological research, it is possible to repeat the capture sessions, because they are especially designed for this purpose; in epidemiology, on the other hand, the search is limited to the available lists of patients which were not designed for this purpose.
-In many places, especially developing countries, there is a lack of official routine health data; and so these methods are not applicable, in spite of the great need for epidemiological data.
-Many medical files of patients are confidential, and cross-checking is often forbidden by law, thus introducing serious limitations to the feasibility of the method.
-In lists which are not confidential, errors can occur regarding patient identification, which may vary from one list to another, due to misprints, or simply to women's marital status, thus artificially increasing the number of cases. On the other hand, two different individuals may have the same name. Matching should rely on criteria other than name alone, such as date and place of birth, sex, date and place of first diagnosis, which are not always available. All misclassifications impair the specificity and sensitivity of the whole method.
-When there are several lists, the patients who are not recorded in any list probably have unusual characteristics: it may be asked who these patients are, if they are never seen by a doctor, or never buy a drug, and are unknown to specialized clinics. The only clear conclusion is that these patients have not been a serious burden to the health services, or themselves. Thus, the scientific validity of the subgroup generated by the capture-recapture method may be poor, and its identification may have no practical consequences. It would be wise to conduct regular, small scale field studies to obtain valid data and to confirm the existence of such individuals.
-Because existing lists refer to diagnosed patients, they should be used only to assess the number of identified patients (i.e. symptomatic). Although this is perhaps useful for public health studies (with respect to preceding remarks), it is inappropriate for assessing the true prevalence of a disease in the population.
-It is pure speculation to suppose the independency of the different lists. The methods adapted to test this common situation are not easy to perform by clinicians in charge of registries. There is a risk that many will apply Chapman's formula without caution.
-It is not possible to give a real idea of the precision of the estimate: the standard deviation attached to the estimate gives a false sense of security. Following a paper by McCarty et a/.
14 a more realistic maximum likelihood estimate of the standard error of N based on Poisson theory was recently proposed by Hilden, 13 which is much larger than that derived from Chapman's formula (e.g. N ± SE = 961 ±31 instead of ± 1; 501 ± 26 instead of ± 14). The larger esti-mate includes statistical uncertainty due to the ran-dom variation of N given the underlying disease incidence (close to VN, whereas the former is restricted to the random occurrence of unseen cases n (Vn)). Even more, it is stressed that in the case of multiple sources, the upper confidence limit may be infinite. This example is an illustration of the lack of conceptual agreement between different groups working on this methodology.
-The defenders of the capture-recapture approach claim that the merging of the lists underestimates the prevalence. Their reasoning focuses on missing cases only. In the paper by McCarty et al. l4 all the cases identified in the sources are supposed to have the disease under study, without any subject being misclassified. This assumption cannot be applied to all diseases. There is probably a portion of false positive cases among the subjects identified as having the disease. This is generally limited in specific epidemiological surveys because well-defined diagnostic criteria, measured with standard methods, are used. In contrast, the available lists are often not set up with sufficient scrutiny as to case definition, because they were not designed to assess the prevalence of the diseases, but to assess the distribution of care, health costs and social needs. Everybody knows the story of the bus driver who comes to collect his pension for blindness. The simple merging of the lists is itself questionable for that reason.
Therefore, a fourth condition related to specificity should be added by the epidemiologist to the three mentioned above:
All identified individuals should belong to the population under study, that is: the sources of information should identify cases and only cases.
The error is generally not measurable, may vary according to sources, and remains unknown. The capture-recapture method will add some supposed undetected cases, thus increasing the tendency to overestimate the prevalence.
There is no means of checking the validity of the method, since, by definition, no information is available on missing cases (except by further direct surveys), while it is possible to examine a random sample of negative screenees in population surveys, at least for chronic diseases.
In summary, capture-recapture estimates can be useful for rare events and severe diseases which are not appropriate for direct evaluation. The use of many sources, and log-linear models limits the risk of bias. In other cases, it allows for a rapid and inexpensive way of obtaining a rough, imprecise estimate, perhaps much greater than the real number of ill subjects. They can contribute, if validity of case definition and matching procedures can be assured, to the completeness of surveillance systems by cross-checking different files. In agreement with other authors, 16 we think, that currently, this method can in no way begin to replace direct population surveys.
